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ABSTRACT
We report the detection of widespread CH2OHCHO and HOCH2CH2OH emission
in Galactic center giant molecular cloud Sagittarius B2 using the Shanghai Tianma 65m
Radio Telescope. Our observations show for the first time that the spatial distribution
of these two important prebiotic molecules extends over 15 arc-minutes, corresponding
to a linear size of approximately 36 pc. These two molecules are not just distributed
in or near the hot cores. The abundance of these two molecules seems to decrease
from the cold outer region to the central region associated with star-formation activity.
Results present here suggest that these two molecules are likely to form through a
low temperature process. Recent theoretical and experimental studies demonstrated
that prebiotic molecules can be efficiently formed in icy grain mantles through several
pathways. However, these complex ice features cannot be directly observed, and most
constraints on the ice compositions come from millimeter observations of desorbed ice
chemistry products. These results, combined with laboratory studies, strongly support
the existence of abundant prebiotic molecules in ices.
Subject headings: ISM: abundances - ISM: clouds - ISM: individual (Sagittarius B2) -
ISM: molecules - radio lines: ISM
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Prebiotic molecules are directly related to the origin of life on Earth (Herbst & van Dishoeck
2009), thus understanding the property and formation mechanism of prebiotic molecules is key
for study of astrobiology. It has been found that complex organic molecules (COMs) such as
glycolaldehyde and ethylene glycol are very abundant in the Galactic center giant molecular cloud
Sagittarius B2 (Sgr B2) (Hollis et al. 2000, 2002; Menten 2011). Sgr B2 contains two main sites of
star formation, Sgr B2(N) and Sgr B2(M), which have been the best hunting ground for prebiotic
molecules in the interstellar medium (ISM) since the early 1970s (Belloche et al. 2013). Most of the
COMs, like the simplest sugar-related molecule glycolaldehyde, and the simplest polyol ethylene
glycol, were first detected in Sgr B2(N) (Hollis et al. 2000, 2002, 2004).
Glycolaldehyde, CH2OHCHO, which is a sugar-related molecule, can react with propenal to
form ribose - a central constituent of RNA (Sharma et al. 2016). Besides Sgr B2(N), glycolaldehyde
has been detected toward only a few sources in the Galactic disk, such as solar-type protostars IRAS
16293-2422 (Jørgensen et al. 2012, 2016), NGC 1333 IRAS2A (Coutens et al. 2015), NGC1333
IRAS4A (Taquet et al. 2015), protostellar shock region L1157-B1 (Lefloch et al. 2017), massive hot
cores G31.41+0.31 (Beltra´n et al. 2009), intermediate-mass protostar NGC 7129 FIRS 2 (Fuente et
al. 2014), and comet C/2014 Q2 (Lovejoy) (Biver et al. 2015). Ethylene glycol, HOCH2CH2OH, is a
dialcohol, a molecule chemically related to standard alcohol (ethanol, CH3CH2OH). It is commonly
known as an antifreeze coolant for car engines. Laboratory experiments showed that ethylene
glycol is formed by hydrogenation of glycolaldehyde (Fedoseev et al. 2015). Ethylene glycol has
been detected in most of the regions where glycolaldehyde was detected (Jørgensen et al. 2016;
Coutens et al. 2015; Fuente et al. 2014; Biver et al. 2015; Rivilla et al. 2017) as well as in four
more massive star-forming regions, including Orion KL, W51/e2, G34.3+0.2, IRAS 20126+4104
(Brouillet et al. 2015; Lykke et al. 2015; Palau et al. 2017), and two comets (Biver et al. 2015).
In spiral-arm clouds, glycolaldehyde and ethylene glycol emissions are always compact and come
from dense regions close to the protostars (Beltran et al. 2009; Brouillet et al. 2015), or from the
cavities of outflows (Palau et al. 2017), with the angular sizes of the emission regions less than 1.2
arc-second (Jørgensen et al. 2016: Coutens et al. 2015; Palau et al. 2017; Beltran et al. 2009).
By observing the strongest known glycolaldehyde transition with the Berkeley-Illinois-Maryland
Association (BIMA) array, Hollis et al.(2001) produced a distribution map of glycolaldehyde that
revealed a weak concentration of emission confined to the Large Molecule Heimat (LMH) core in
Sgr B2(N) (Kuan et al. 1996), indicating that the bulk of the glycolaldehyde emission comes from
the less dense cloud extremities in the vicinity of the LMH core and has a spatial scale ≥ 60′′. How-
ever, the exact extent of glycolaldehyde and ethylene glycol still remains unclear. In this paper, we
report the detection of widespread glycolaldehyde and ethylene glycol emission in Sgr B2 with the
Shanghai Tianma 65m Radio Telescope (TMRT).
– 3 –
2. OBSERVATIONS AND DATA ANALYSIS
2.1. Observations and data reduction
Mapping observations of CH2OHCHO 11,0−10,1 (13476.995 MHz, Eu=1.2 K) and HOCH2CH2OH
20,2(v = 0) − 10,1(v = 1) (13380.638 MHz, Eu=1.5 K) in Sgr B2 were carried out during March
and November 2016. The Digital backend system (DIBAS) (Li et al. 2016) was used, with a
total bandwidth of 1.2 GHz, and a velocity resolution of 2.0 km s−1 at a frequency of 13.5 GHz.
The half power beam width is ∼ 84′′ at 13.5 GHz. The point-by-point map was obtained around
Sgr B2(N) (RA (J2000) = 17:47:19.8, Dec (J2000) = -28:22:17.0) with a grid of 60′′. About 100
points are observed in total. Spectra were taken in the position-switching mode with the reference
position 60′ east in azimuth with respect to the ON-source position. A single scan consisting of 2
minutes in the ON-source position followed by 2 minutes in the OFF-source position. The typical
on-source integration time for a sampling point was 48 minutes. The rms noise level is about 4-8
mK under a velocity resolution of 2.0 km s−1. The pointing accuracy is better than 12′′. The
wide frequency coverage allows for simultaneous observations of several emission lines, including
CH2OHCHO 11,0 − 10,1, HOCH2CH2OH 20,2(v = 0) − 10,1(v = 1), HC5N 5-4 (13313.334 MHz),
H78α (13595.49 MHz), and absorption lines including H2CO 21,1 − 21,2 (14488.48 MHz) and so on.
The amplitude calibration was done by injecting periodic noise, and the accuracy is better
than 20%. The system temperature was 40-80 K. The maximum elevation of Sgr B2 from TMRT
observation is ∼30◦, and the measurements were made at elevations above 15◦. At such low
elevations, the resulting antenna temperatures were scaled to main beam temperatures (TMB) by
using a main beam efficiency of 0.4. The data processing was conducted using GILDAS software
package7, including CLASS and GREG. Linear baseline subtractions were performed for most of
the spectra, and a two- or three-order baseline subtraction was introduced when necessary. For
each transition, the spectra of subscans, including two polarizations, were averaged to improve the
signal-to-noise ratio.
2.2. Line Identifications
Observations have shown that Sgr B2 complex contains a number of young O-type stars, com-
pact HII regions, and molecular clouds with complex structure and composition. Line identification
of CH2OHCHO 11,0−10,1 and HOCH2CH2OH 20,2(v = 0)−10,1(v = 1) is affected by contamination
from radio recombination line (RRL) and emissions from other species. To identify CH2OHCHO
11,0 − 10,1, we compare line profiles of H78α and H2CO 21,1 − 21,2. Positions with strong H78α
emission would have corresponding H123δ (13474.755 MHz) next to CH2OHCHO. RRL emission
is especially strong toward Sgr B2(N) and Sgr B2(M). Figure 1 shows spectra toward Sgr B2(N)
7http://www.iram.fr/IRAMFR/GILDAS.
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and Sgr B2(M). The detection of CH2OHCHO 11,0 − 10,1 is secure for these two positions, though
it is blended with H123δ for Sgr B2(M). Gaussian fitting was used to determine the line parame-
ters. During Gaussian fitting process, two Gaussian components were used to fit the CH2OHCHO
and the H123δ emission, while the third Gaussian was used to fit the He123δ emission if neces-
sary. Through such process, the affect of H123δ on determination of line parameters could be fully
eliminated, while there is no H123δ emission at all in cold regions. Thus this will not lead to an
overestimate of the mass.
We found that 17OH (N=3-3, J+1/2=7/2-7/2, P=-1-1, F1=3-4, F+1/2=3/2-3/2, 13380.4312
MHz, Eu= 290.3 K) is near the rest frequency of HOCH2CH2OH. The data for
17OH are provided
by the JPL catalog (Pickett et al. 1998) through the Splatalogue interface. We checked similar
transitions of OH at 13441.4173 MHz and detected absorption lines in only a few points such as
Sgr B2(N) and Sgr B2(M). As is shown in Figure 2, the peak intensities of OH are -0.03 K and
-0.15 K for Sgr B2(N) and Sgr B2(M), respectively. Since 16O/17O is observed to be up to 1000 in
Sgr B2 (Polehampton et al. 2005; Zhang et al. 2015), 17OH should appear as absorption line with
very low peak intensity, which could be ignored safely.
There is an emission feature next to CH2OHCHO line at some positions, where there is no
H78α emission. H2CO is thought to be much more abundant and widespread than these two
COMs. If this emission feature is another velocity component of CH2OHCHO emission, it should
have corresponding H2CO absorption within the similar velocity range. Figure 3 (upper panel)
shows spectra toward positions with offset (420′′, -240′′) away from Sgr B2(N), with LSR velocity
calculated for the rest frequency of CH2OHCHO 11,0 − 10,1 (black), HOCH2CH2OH 20,2(v = 0)−
10,1(v = 1) (red), H78α (green) and H2CO 21,1 − 21,2 (blue). The LSR velocity range for H2CO
absorption line is 10∼70 km s−1. Two emission features were seen near the rest frequency of
CH2OHCHO 11,0 − 10,1, with frequency separation of ∼2.1 MHz for the emission peaks. As shown
in Figure 3a, one emission feature has a velocity range of 10∼50 km s−1 while calculating for the
rest frequency of CH2OHCHO 11,0− 10,1, which is within velocity range of H2CO absorption. This
emission feature was attributed to CH2OHCHO 11,0−10,1. Another emission feature has a velocity
range of 60∼100 km s−1, which is outside the velocity range of H2CO absorption. We attributed
this emission feature to CH3CH2CHO 21,1 − 20,2 (13474.875 MHz, Eu=2.2 K), which has been
detected in absorption toward Sgr B2(N) (Hollis et al. 2004). The data for CH3CH2CHO were
taken from the Spectral Line Atlas of Interstellar Molecules (SLAIM) that is available through the
Splatalogue interface8.
8www.splatalogue.net.
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3. RESULTS
3.1. Observing results
Figure 3b and 4 show profile maps of CH2OHCHO (black), HOCH2CH2OH (red), H78α (green)
and H2CO (blue) for the eastern region of Sgr B2 complex and the central region of Sgr B2,
respectively, with a smoothed velocity resolution of 4 km s−1. The shaded velocity range shows
the emission channels of molecular lines. Figure 4 (line 4, row 3) shows spectra of CH2OHCHO
and HOCH2CH2OH for Sgr B2(M) with an offset (0, -60) relative to Sgr B2(N) observed at 13.5
GHz. The peak intensity of CH2OHCHO and HOCH2CH2OH are 38 mK and 35 mK, respectively.
Both are lower than those in Sgr B2(N), which are 50 mK and 41 mK, respectively. Thus the 100
GHz emission of these two molecules in Sgr B2(M) should be also lower than those in Sgr B2(N)
with assumption of similar excitation temperatures. The 100 GHz emission of CH2OHCHO ranges
from 15-45 mK in Sgr B2(N) (Hollis et al. 2000; Halfen et al. 2006), and both CH2OHCHO and
HOCH2CH2OH were weakly detected in IRAM 30m line survey of Sgr B2(N) (Belloche et al. 2013).
It is no wonder that both CH2OHCHO and HOCH2CH2OH were not detected in the IRAM 30m
line survey of Sgr B2(M) with a RMS noise level of 15-45 mK at 100 GHz (Belloche et al. 2013).
The kinematics of the Sgr B2 complex is very complicated. At the eastern region of Sgr B2
complex, the CH2OHCHO and HOCH2CH2OH emission lines cover the velocity range of 20 to 60
km s−1, peaking at 30-40 km s−1 (Figure 3b), while these two emission lines span the velocity range
of 50 to 90 km s−1, peaking at about +64 km s−1 at the central region of Sgr B2 complex(Figure
4). The linewidth derived from Gaussion fitting generally range from 20 to 40 km s−1, and up to
50 km s−1 at some positions. The line profiles of these two emission lines are similar to those of
H2CO, implying that these emissions come from the quiescent gas. Since the emission is weak, the
SNR is not good enough for discussion of the kinematics in detail.
Figure 5 displays contour maps of glycolaldehyde, ethylene glycol and HC5N overlaid on the
H78α emission in color scale, which demonstrate the spatial coincidence among glycolaldehyde,
ethylene glycol and HC5N. Two main components were distinctly observed in the contour maps: the
southeastern component spans a velocity range of 20 - 60 km s−1, and the northwestern component
spans a velocity range of 50 - 90 km s−1. The northwestern component is associated with Sgr B2(N),
while the southeastern component is not associated with any known HII region. The Sgr B2 complex
consists of a 5′ long north-south chain of bright clumps, surrounded by a halo of fainter ones,
filaments, and shells extending over nearly 20′ in R.A. and 10′ in declination (Bally et al. 2010),
thus the southeastern component is also part of Sgr B2 complex. This region seems to be colder
than the central region of Sgr B2 complex, since no RRL emission was detected in our observations.
The Bolocam Galactic Plane Survey (BGPS) 1.1 mm data shows that the southeastern component
is associated with clump with H2 column density of about 10
22 cm−2 (Figure 17 in Bally et al.
2010). Several peaks were observed in both the CH2OHCHO and HOCH2CH2OH maps. Though
the emission peaks of these two molecules occur at different positions, the overall emission regions
are not spatially distinct. These maps show that the CH2OHCHO and HOCH2CH2OH emissions
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span a range of approximately 15 arc-minutes, corresponding to a physical size of ∼ 36 pc adopting
a distance of 8.34 kpc from the Sun (Reid et al. 2014). The HOCH2CH2OH emission appears to be
more extended than that of CH2OHCHO, with more extended emissions detected above 5σ levels.
The extension of these two molecules in Sgr B2 is more than 700 times greater than that in spiral
arm clouds.
Complex aldehydes and alcohols, including glycolaldehyde and ethylene glycol, have been
detected in three typical molecular clouds in the Central Molecular Zone (CMZ) (Requena-Torres
et al. 2008). One of these clouds, G+0.693-0.03 is (30′′, 50′′) away from Sgr B2(N). Our sampling
interval is 60′′, thus it is in the middle of (0, 60′′) and (60′′, 60′′), and is covered by our observations.
As is shown in Figure 4, results of (0, 60′′) and (60′′, 60′′) are consistent with that of G+0.693-
0.03 (Requena-Torres et al. 2008). The chiral molecule propylene oxide was also discovered in a
cold, extended molecular shell around the massive protostellar clusters in Sgr B2 but not in hot
cores (McGuire et al. 2016). However, because of its overall large extent, the TMRT observations
presented here provide direct evidence for the existence of a huge mass of organic molecules in our
Galactic center region. Importantly, results presented here also show that most of the emission is
not associated with star formation.
3.2. Column densities
With Green Bank Telescope (GBT) observations, Hollis et al. (2004) obtained an excitation
temperature Tex = 8 K toward the position of Sgr B2(N). Assuming the excitation temperature is
typical for the Sgr B2 positions in which glycolaldehyde was detected by TMRT, we calculate the
total column densities of CH2OHCHO for the i, j-th grid in the position-position space Nij with
the expression reported by Hollis et al. (2004):
Nij =
3kQeEu/kTS
8pi3νSµ2
×
1
2
√
pi
ln2
△T ∗A△V
ηB
1− e
hν/kTS−1
e
hν/KTbg−1
, (1)
in which k is the Boltzmann constant in erg K−1,
△T ∗A△V
ηB
is the observed line integrated intensity
in K Km s−1, ν is the frequency of the transition in Hz, and Sµ2 is the product of the total
torsion-rotational line strength and the square of the electric dipole moment. TS and Tbg (=2.73 K)
are the excitation temperature and background brightness temperature, respectively. Eu/k is the
upper level energy in K. The partition function, Q, was estimated by fitting the partition function
at different temperatures given in CDMS (Mu¨ller et al. 2005). Values of Eu/k and Sµ
2 are also
taken from CDMS. The column densities range from 1.3 × 1014 to 4.6 × 1014 cm−2 depending
on the position. Data points with integrated intensities above 5σ levels were then used for mass
calculation. The total mass of CH2OHCHO is computed using the relation:
M = ΣNijδxiδyjmmolecule, (2)
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in which Nij is the column density of CH2OHCHO at the i, j-th grid in the position-position space.
mmolecule is the mass of molecule. The spacings of δxi and δyj are the sizes of grid in the RA
and Dec directions, respectively. Adopting a distance of 8.34 kpc, δxi = δyj = 60
′′× 8.34 kpc
×3.1×10
18cm
206265
= 7.3 × 1018 cm. The total mass of CH2OHCHO is estimated to be about 6.1 × 10
31
g, corresponding to 1.0× 104MEarth. The column densities of HOCH2CH2OH were also calculated
using equation (1) with an excitation temperature of 8 K. In the equation, the partial function
Q(TS) = 133T
1.5
S , was estimated by fitting the partition function at different temperatures given in
CDMS (Mu¨ller et al. 2005). Eu/k = 1.47K, the upper level energy in K, was taken from CDMS
through Splatalogue. The product of the transition line strength times the square of coupled dipole
momentum, Sµ2 = 61.2, was also taken from CDMS. The column densities of ethylene glycol range
from 3.4 × 1014 to 13 × 1014 cm−2 for different points, implying a total mass of approximately
4.2 × 104MEarth. Both the typical column density and total mass of HOCH2CH2OH are higher
than those of CH2OHCHO. With a Tex of 30 K, one can obtain a column density of 2.3±0.7×10
15
cm−2 for CH2OHCHO at the position of Sgr B2(N), suggesting that a high excitation temperature
of 30 K would increase column densities and total mass of glycolaldehyde by a factor of about 4.
This column density of Sgr B2(N) does not conflict with that at 3-mm wavelength (Belloche et al.
2013), which is calculated to be 1.8 × 1015 cm−2. Similarly, for ethylene glycol, we note that an
excitation of 30 K would increase column density by a factor of about 3. The result is in agreement
with that at 3-mm wavelength (Belloche et al. 2013).
4. DISCUSSIONS
4.1. Abundance
We made use of the H2 column density obtained with BGPS 1.1 mm data (Bally et al. 2010)
for abundance estimation of glycolaldehyde and ethylene glycol. For each position, we searched for
nearest clump identified with BGPS data, and obtained the corresponding hydrogen column density.
The H2 column densities range from 1.4 × 10
22 cm−2 to 1.0 × 1025 cm−2 in our observing region,
and peak toward Sgr B2(N) and Sgr B2(M). The abundance of CH2OHCHO is ∼ 2× 10
−10 toward
Sgr B2(N) and Sgr B2(M), and is ∼ 2 × 10−9 toward the southeastern region of Sgr B2 complex,
which is colder than the central star-forming region. Similarly, the abundance of HOCH2CH2OH is
∼ 2×10−10 toward Sgr B2(N) and Sgr B2(M), and is up to ∼ 2×10−8 toward the colder region. The
abundance of these two molecules are lower than those in Requena-Torres et al. (2008), which is
caused by different hydrogen column densities adopted. Fortunately this does not affect the overall
trend. Figure 6 shows variation of CH2OHCHO (circle) and HOCH2CH2OH (square) abundance
with the R.A. offset away from Sgr B2(N). Generally, regions with small offset (−150′′ < offset <
200′′) are associated with star-formation, while regions with large absolute values of offset are away
from star-forming region. We could see from Figure 6 that the abundance of these two molecules
generally decrease toward positions with small offset, implying that the abundance of these two
molecules decrease from cold to hot region. Note that points with small offset but high abundance
– 8 –
( > 10−8) come from regions on the north of Sgr B2(N), where no RRL emission was detected.
This may suggest that these two molecules are produced under low temperature, and are destroyed
in star-forming process. The implication of these results for formation mechanism of these two
molecules will be discussed in Section 4.3.
4.2. Abundance Ratio of Ethylene glycol to glycolaldehyde
Observations in different star-forming regions indicate that the abundance ratio of ethylene
glycol to glycolaldehyde (hereafter EG/GA) range from 1 to > 15 (Jørgensen et al. 2016; Coutens
et al. 2015; Fuente et al. 2014; Biver et al. 2015; Rivilla et al. 2017; Lykke et al. 2015). Comparing
different star-forming regions, Rivilla et al. (2017) found evidence for the increase of abundance
ratio with the luminosity of the source. Figure 7 shows variation of EG/GA abundance ratio with
R.A. offset for positions with both of these two molecules detected. The EG/GA ratio is up to ∼6
toward the cold region, while it is ∼1 toward the central regions with active star-formation activity.
Requena-Torres et al. (2008) observed glycolaldehyde and ethylene glycol toward three clouds in
the GC, including 20 km s−1 cloud, 50 km s−1 cloud and G+0.693-0.03, which is (30′′, 50′′) away
from Sgr B2(N). They obtained EG/GA ratios of 1.2, 1.6 and 1.3 for these three clouds, which
are similar to those found for Sgr B2(N) and Sgr B2(M). All of these three clouds are associated
with star-formation activity (Lu et al. 2015; Tsuboi et al. 2015), thus their result also supports
low EG/GA ratio in star-forming regions in the GC. These results seem to be in contradiction
with those found in the Galactic disk sources (Rivilla et al. 2017), suggesting that the formation
mechanism of these two species might be different in Galactic disk and Galactic center sources.
However, high angular resolution and more sensitive maps are still needed to identify and study
these COM clumps in detail.
4.3. Formation Mechanism
Due to the inefficiency of gas-phase reactions for saturated complex species (Geppert et al.
2006), the grain-surface mechanism is regarded to be important for the formation of complex organic
molecules (COMs) including glycolaldehyde and ethylene glycol. Many grain-surface formation
routes have been proposed (Bennett et al. 2007; Beltran et al. 2009; Woods et al. 2012; Garrod et
al. 2008), and some of which involve thermal and energetic processes (Butscher et al. 2016). In this
kind of models, the warm-up of the hot core is thought to be crucial for the formation of COMs,
allowing the more strongly bound radicals to become mobile on the grain surfaces (Garrod et al.
2008). Experimental studies also demonstrated that photochemistry in CH3OH-CO ice mixtures
is efficient enough to explain the observed abundance of glycolaldehyde and ethylene glycol (O¨berg
et al. 2009). This type of chemistry appears to be scapable of reproducing the high degree of
complexity seen around protostars. Since the cosmic ray ionization rate is high in the CMZ (e.g.
Barnes et al. 2017), the cosmic ray induced UV field is expected to be high everywhere, not only
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towards the star-forming regions. This UV field could also play a role in the formation of COMs
in Sgr B2, even in regions devoided of star formation activity.
Theoretical and experimental studies have shown that, along with the formation of H2CO and
CH3OH, molecules with more than one carbon atom can be formed on interstellar grains at low tem-
perature (Woods et al. 2013; Fedoseev et al. 2015; Butscher et al. 2015). Two different pathways
appear most likely to occur, with the first mechanism involving the radial combination of HCO with
CH2OH to form glycolaldehyde and radical CH2OH dimerization to form ethylene glycol. In the
second mechanism, the key step is the recombination of two HCO radicals followed by the formation
of a C-C bond. Sequential hydrogenation by two or four H atoms transforms HC(O)CHO into gly-
colaldehyde and ethylene glycol, respectively. The detection of widely distributed glycolaldehyde
and ethylene glycol in Sgr B2 complex, as well as the decrease of abundance toward star-forming
region, can be explained by such a low temperature process (Chuang et al. 2016). COMs like
acetaldehyde, formic acid, ketene, and propyne have also been detected in a few prestellar cores
(Jimenez et al. 2016; Lefloch et al. 2017) and cold dark cloud region (Taquet et al. 2017). We
noted that simulations of a low temperature model with T = 12K and n(H) = 10 cm−3 (see Figure
5c in Fedoseev et al. 2015) could produce the column densities of CH2OHCHO and HOCH2CH2OH
presented here.
Chuang et al. (2017) carried out some laboratory experiments where they mixed low temper-
ature conditions and UV irradiation. They found that glycolaldehyde and ethylene glycol were al-
ways formed at low temperature with and without UV-photon absorption (i.e. energetic processes).
They also found that methyl formate was more sensitive to energetic processes than glycolaldehyde
and ethylene glycol. As methyle formate could not form efficiently in the absence of energetic
processes, one way to investigate the role of energetic processes here would be to search for methyl
formate. If it is found to be abundant, it would mean that energetic processes in addition to the
low temperature play a role. In contrast, a low abundance of methyl formate would mean that only
the low temperature process is important in the Galactic center.
Unfortunately, the formation routes of these two molecules are far from solved. Recent quan-
tum chemical computations indicate that acetaldehyde cannot be synthesized by the CH3+ HCO
coupling on the icy grains, suggesting that formation of some COMs on the grain surfaces might
be unlikely (Erique-Romero et al. 2016). In fact, COMs like methyl formate and dimethyl ether
have been proposed to form via gas-phase reactions from simpler precursors that were formed on
grain surfaces and then ejected into the gas via efficient reactive desorption (Vasyunin et al. 2013;
Balucani et al. 2015). The observed similar spatial distributions of glycolaldehyde, ethylene glycol
and HC5N, which is formed in the gas phase rather than in grain ices (Chapman et al. 2009),
raises the possibility of gas-phase reactions as a complementary to the surface formation route of
glycolaldehyde and ethylene glycol. However, there are very limited studies on gas-phase chemistry
of glycolaldehyde and ethylene glycol (Halfen et al. 2006; Woods et al. 2012), and such possibilities
need to be further investigated.
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We searched for low-energy transitions of glycolaldehyde and ethylene glycol at 13.5 GHz
towards IRAS 16293-2422, G31.41+0.31, G34.3+0.2 and NGC 7129 with TMRT but did not detect
any emissions above 10 mK (σ ∼ 3 mK). Note that in a recent single-dish line survey of Orion KL at
a frequency of 22 GHz (Gong et al. 2015), which covered HOCH2CH2OH 30,3(v = 0)− 20,2(v = 1)
(Requena-Torres et al. 2008), no emission was detected either. The absence of an extended,
large-scale emission for these two molecules might result from the lack of a large-scale desorption
mechanism to release them from the ices into the gas phase. In contrast, at the center of our Galaxy,
prebiotic molecules preserved in icy mantles can be efficiently desorbed into the gas phase as a result
of physical conditions specific to the Galactic center, such as high gas temperatures (Ginsburg et
al. 2016), large-scale shocks (Requena-Torres et al. 2008; Menten 2011), and strongly enhanced
cosmic rays. According to chemical modeling done by Coutens et al. (2016), the cyclic grain
mantle explosions or very frequent shocks could reproduce the widespread presence of methanol
in the CMZ (Yusef-Zadeh et al. 2013). Recently An et al. (2017) reported discovery of high
CH3OH ice abundance toward a star in the CMZ, implying that gas-phase CH3OH in the CMZ
can be largely produced by desorption from icy grains. Since more complex ice features cannot be
directly observed at present, and most constraints on the ice compositions come from millimeter
observations of desorbed ice chemistry products (O¨berg et al. 2011), observations presented here
may provide important information on ice chemistry and imply the existence of abundant prebiotic
molecules in ices.
Widespread gas-phase prebiotic molecules may also exist in the nuclei of nearby galaxies, such
as NGC 253, and in more distant starburst galaxies. Future interferometers operating at centimeter
wavelengths, such as the Next Generation Very Large Array (ngVLA) and SKA, have the potential
to probe such emissions to investigate whether the chemistry of CMZ clouds resembles that of
starburst galaxies, and whether CMZ clouds could serve as a template for the nuclei of starburst
galaxies in the nearby and distant universe (Kauffmann et al. 2016).
5. CONCLUSIONS
Our TMRT observations show that the spatial distribution of CH2OHCHO and HOCH2CH2OH
extend over 15 arc-minutes in Sgr B2, corresponding to a physical size of approximately 36 pc. The
extension of these two molecules in Sgr B2 is more than 700 times greater than in spiral arm clouds.
The HOCH2CH2OH emission appears to be more extended than that of CH2OHCHO. The overall
mass of glycolaldehyde is approximately 6.1 × 1031 g, roughly 104MEarth. The TMRT observa-
tions provide direct evidence for the existence of a enormous mass of prebiotic molecules in our
Galactic center regions. Results presented here show that most of the emission is not associated
with star formation. The abundance of glycolaldehyde and ethylene glycol was found to decrease
from the cold region to the central region associated with star-formation activity. The abundance
ratio of ethylene glycol to glycolaldehyde also decreases toward central regions associated with star-
formation activity, which seems to differ from observations in Galactic disk sources. The widely
– 11 –
distributed glycolaldehyde and ethylene glycol, as well as the abundance decrease toward the star-
forming region,a can be explained by a low temperature process. Future observations of methyl
formate are expected to investigate whether energetic processes also play a role in producing COMs
in the Galactic center.
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Fig. 1.— Glycolaldehyde (CH2OHCHO 11,0 − 10,1) spectra toward Sgr B2(N) (upper panel) and
Sgr B2(M) (lower panel) with a smoothed resolution of 4 km s−1. The LSR velocity is calculated
for the rest frequency of CH2OHCHO 11,0 − 10,1 at an assumed source velocity of +64 km s
−1.
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Fig. 2.— Spectra of OH (J=7/2, Ω=3/2, F=4+ − 4−, 13441.4173 MHz) toward Sgr B2(N) (upper
panel) and Sgr B2(M) (lower panel).
– 16 –
Fig. 3.— (a): Spectra of CH2OHCHO 11,0−10,1 (13476.995 MHz, black), HOCH2CH2OH 20,2(v =
0)−10,1(v = 1) (13380.638 MHz, red), H78α (13595.49 MHz, green) and H2CO 21,1−21,2 (14488.48
MHz, blue) with a smoothed resolution of 4 km s−1 for positions with offset (420′′, -240′′) away from
Sgr B2(N). The H2CO is emission scaled down by 0.05 for plot. (b): Profile map of CH2OHCHO
11,0 − 10,1, HOCH2CH2OH 20,2(v = 0)− 10,1(v = 1), H78α and H2CO 21,1 − 21,2 with a smoothed
resolution of 4 km s−1 for the western region of Sgr B2 complex. H2CO emission is scaled down by
0.02 for plot. The grid spacing is 60 ′′. The offset relative to Sgr B2(N) (RA (J2000): 17:47:19.8,
Dec (J2000): -28:22:17.0) is indicated in the figure. The shaded velocity range shows the emission
channels of molecular lines.
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Fig. 4.— Profile map of CH2OHCHO 11,0 − 10,1, HOCH2CH2OH 20,2(v = 0) − 10,1(v = 1), H78α
and H2CO 21,1 − 21,2 for the central region of Sgr B2 complex. The H78α emission is scaled down
by 0.05, while H2CO is scaled down by 0.01 for plot. Others are similar to Figure 3b.
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Fig. 5.— Integrated intensity map of CH2OHCHO 11,0 − 10,1 (upper panel), HOCH2CH2OH
20,2(v = 0) − 10,1(v = 1) (middle panel), and HC5N 5-4 (lower panel) emission observed toward
Sgr B2 overlaid on H78α emission in color scale. The contours indicate 30% - 90% (steps of 10%)
of the peak integrated intensity, which is 1.08±0.10 K km s−1, 1.06±0.09 K km s−1 and 9.1±0.2 K
km s−1 for CH2OHCHO, HOCH2CH2OH and HC5N, respectively. Two crosses are used to denote
positions of Sgr B2(N) and Sgr B2(M).
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Fig. 6.— Variation of CH2OHCHO (circles) and HOCH2CH2OH (squares) abundance with R.A.
offset away from Sgr B2(N). Results of Sgr B2(N) and Sgr B2(M) were labeled in the figure.
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Fig. 7.— Variation of EG/GA abundance ratio with R.A. offset away from Sgr B2(N). Lower limits
were given for positions in which only HOCH2CH2OH emission was detected (red dots). Upper
limits were given for positions in which only CH2OHCHO emission was detected (magenta dots).
Blue dots stand for positions with both of them detected. Results of Sgr B2(N) and Sgr B2(M)
were labeled in the figure.
